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(57) [Abstract] 
[Constitution] 

As for substrate type optical waveguide of this invention, on 
substrate 12, cross section provides optical waveguide 14 of 
round shape almost, substrate layer 15 where width 
isnarrower than optical waveguide 14 between substrate 12 
and optical waveguide 14 is provided,substrate layer 15 
consists of glass of high softening point, optical waveguide 14 
consists of glass of high index of refraction and low softening 
point from substrate layer 15. 

On substrate, substrate layer^ optical waveguide layer 
sequential it laminates production method, in ordemext for 
width of substrate layer to become narrower than optical 
waveguide layer, the selectively etching it does substrate layer 
and optical waveguide layer, thermal processing does next 
with the predetermined temperature of softening point or 
lower of substrate layer and softening, it designates optical 
waveguide layer as optical waveguide. 

[Effect(s)] 

With single mode decreases scattering loss to be possible, 
with incase of multiple modes, furthermore also bonding loss 
between optical fiber can bedecreased. 



In addition, reflection loss of optical waveguide can be 
decreased. 

In addition, with production method, cross section being 
round shape almost and the smooth optical waveguide can be 
produced easily. 
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[Claim(s)] 
[Claim 1] 

On substrate, cross section provides optical waveguide of 
round shape almost, the substrate layer where width is 
narrower than said optical waveguide in aforementioned 
substrate and between optical waveguide providing, 

said substrate layer consists of glass of high softening point, 
substrate type optical waveguide o where aforementioned 
optical waveguide consists of glass of high index of refraction 
and low softening point from said substrate layer and makes 
feature 

[Claim 2] 

In substrate type optical waveguide which is stated in Claim 
1, 

In aforementioned substrate layer and periphery of optical 
waveguide, providing theburied layer which consists of glass 
of low index of refraction and high softening point from said 
optical waveguide, substrate type optical waveguidco which 
becomes and makesfeature 

[Claim 3] 

On substrate, optical waveguide layer which consists of glass 
of high index of refraction and low softening point sequential 
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is laminated from substrate layer> said substrate layer which 
consists of the high softening point glass, 

Next, in order for width of aforementioned substrate layer to 
becomenarrower than width of optical waveguide layer, said 
substrate layer and optical waveguide layer the selectively 
etching are done, 

Next, thermal processing it does with predetermined 
temperature of softening point or lower of theaforementioned 
substrate layer, manufacturing methodo of substrate type 
optical waveguide wheresoftening, cross section designates 
aforementioned optical waveguide layer as optical waveguide 
of round shape almost and makes feature 

[Claim 4] 

In manufacturing method of substrate type optical waveguide 
which is stated in Claim 3, 

In aforementioned substrate layer and periphery of optical 
waveguide, glass of low index of refraction and high 
softening point is accumulated from said optical waveguide, 

Next, manufacturing method© of substrate type optical 

waveguide where this thermal processing it does with 
predetermined temperature of softening point or higher of 
glass which is accumulated thissoftening, designates glass 
which is accumulated as buried layerand makes feature 

[Claim 5] 

On substrate, optical waveguide layer which consists of glass 
of high index of refraction and low softening point sequential 
is laminated from substrate layer ^ said substrate layer which 
consists of the high softening point glass. 

Next, in order for width of aforementioned substrate layer to 
becomenarrower than width of optical waveguide layer, said 
substrate layer and optical waveguide layer the selectively 
etching are done. 

Next, in aforementioned substrate layer and periphery of 

optical waveguide layer, the glass of low index of refraction 
and high softening point is accumulated from said optical 
waveguide layer, 

Next, this thermal processing it does with predetermined 
temperature of softening point or lower of glass which is 
accumulated, softening, cross section designates 
theaforementioned optical waveguide layer as optical 
waveguide of round shape almost, 

Next, manufacturing methodo of substrate type optical 
waveguide where this thermal processing it doeswith 
predetermined temperature of softening point or higher of 
glass which is accumulated thissoftening, designates glass 
which is accumulated as buried layerand makes feature 
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[Description of the Invention] 

[0001] 

[Field of Industrial Application] 

It is a substrate type optical waveguide where this invention is 
used by optical communication^ optical computing 
system,etc does not have loss and something regarding its 
manufacturing method. 

[0002] 

[Prior Art] 

Recently, regarding optical communication system^ optical 
computing system or other field, although demand for the 
acceleration^ miniaturization increases, request for 
miniaturization^ acceleration^ high reliability vis-a-vis 
optical device and theoptical component etc which form these 
system keeps increasing. 

And, in one of these optical device, there is a substrate type 
kind of optical waveguide 1 which is shown in for example 
Figure 5. 

As for this substrate type optical waveguide 1, optical 
waveguide 3 of cross section rectangle is formed on the 

silicon (Si ) substrate 2, said optical waveguide 3 it is 
something which was imbedded by buriedlayer 4. 

As for aforementioned optical waveguide 3 from quartz 
(Si02 ) glass of high index of refraction,in addition, buried 
layer 4 from optical waveguide 3 is respectively formed from 
quartz glass of low index of refraction. 

This substrate type optical waveguide 1 is superior in 
conformity of quartz-based optical fiber which isused in 
optical communication system in addition, possesses also low 
loss^ high reliability^ miniature or other various features. 

[0003] 

As manufacturing method of aforementioned substrate type 
optical waveguide 1, usually, on the silicon substrate 2, 
method which forms optical waveguide 3 with FHMethod D 
and LP (vacuumrLow pressure ) CVD method etc is general. 

optical waveguide 3 is formed on silicon substrate 2 with for 
example FHMethod D , flame itaccumulates quartz glass 
powder body of high index of refraction on this silicon 
substrate 2, next,heats this silicon substrate 2 to 1400 deg 
Cextent and sinters aforementioned quartz glass powder body 
and makes optical waveguide layer. 

Next, pattern formation doing said optical waveguide layer 
with photolithography , it makes optical waveguide 3. 
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[0004] 

In addition, optical waveguide 3 is formed on silicon substrate 
2 with LPCVD , itraises adhesion of this silicon substrate 2 
and optical waveguide layer, in order at sametime to obtain 
smooth surface, it accumulates quartz glass of high index of 
refraction on the silicon substrate 2 which is heated to 300 - 
600 deg C makes optical waveguide layer. 

Next, pattern formation doing said optical waveguide layer 
with photolithography , it makes optical waveguide 3. 

[0005] 

[Problems to be Solved by the Invention] 

But, with aforementioned substrate type optical waveguide 1, 
because cross section of optical waveguide 3 is rectangle, 
with single mode scattering loss occurred, with the multiple 
modes, was a problem that furthermore bonding loss occurs 
between the optical fiber . 

In addition, there was a problem that with manufacturing 
method of substrate type optical waveguide 1, pattern 
formation doing said optical waveguide layer with 
photolithography , because it produces optical waveguide 3, 
as for cross section shape of optical waveguide 3 it is limited 
by rectangle or table shape, it produces things such as round 
and elliptical is notpossible . 

[0006] 

As for this invention, considering to above-mentioned 
situation, beingsomething which it is possible, it is a substrate 
type optical waveguide which doesnot have loss by 
designating cross section shape of optical waveguide as round 
shape almost, and to offer its manufacturing method. 

[0007] 

[Means to Solve the Problems] 

In order to solve above-mentioned problem, this invention 
followingway adopted substrate type optical waveguide and 
its manufacturing method. 

As for substrate type optical waveguide which is stated in 
namely, Claim 1, on the substrate, cross section almost 
provides optical waveguide of round shape, substrate layer 
where width is narrower than said optical waveguide in 
aforementioned substrate and between optical waveguide is 
provided, said substrate layer consists of glass of high 
softening point, aforementioned optical waveguide consists of 
glass of high index of refraction and low softening point from 
said substrate layer, it has made feature. 

[0008] 

In addition, substrate type optical waveguide which is stated 
in Claim 2 becomes, in aforementioned substrate layer and 
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periphery of optical waveguide,providing buried layer which 
consists of glass of low index of refraction and high softening 
point from said optical waveguide in substrate type optical 
waveguide which is statedin Claim 1, it has made feature. 

[0009] 

In addition, on substrate, optical waveguide layer which 
consists of glass of high index of refraction and low softening 
point sequential to laminate manufacturing method of 
substrate type optical waveguide which is stated in Claim 3, 
from substrate layer^ said substrate layer which consistsof 
high softening point glass, in order next, for width of 
aforementioned substrate layer to become narrower than 
width of optical waveguide layer, selectively etching to do the 
said substrate layer and optical waveguide layer, next, thermal 
processing it does with predetermined temperature of 
softening point or lower of aforementioned substrate layer, 
softening, cross section designates aforementioned optical 
waveguide layer as the optical waveguide of round shape 
almost, it has made feature. 

[0010] 

In addition, manufacturing method of substrate type optical 
waveguide which is stated in the Claim 4, in aforementioned 
substrate layer and periphery of optical 
waveguide,accumulates glass of low index of refraction and 
high softening point from said optical waveguide in the 
manufacturing method of substrate type optical waveguide 
which is stated in Claim 3, thermal processing does with 
predetermined temperature of softening point or higher of 
glass which next, this isaccumulated, This softening, it 
designates glass which is accumulated as buriedlayer, it has 
made feature. 

[0011] 

In addition, on substrate, optical waveguide layer which 
consists of glass of high index of refraction and low softening 
point sequential to laminate manufacturing method of 
substrate type optical waveguide which is stated in Claim 5, 
from substrate layer^ said substrate layer which consistsof 
high softening point glass, in order next, for width of 
aforementioned substrate layer to become narrower than 
width of optical waveguide layer, selectively etching to do the 
said substrate layer and optical waveguide layer, next. In 
aforementioned substrate layer and periphery of optical 
waveguide layer, it accumulates glass of low index of 
refraction and high softening point from said optical 
waveguide layer, thermal processing it doeswith 
predetermined temperature of softening point or lower of 
glass which next, this isaccumulated, softening, cross section 
designates aforementioned optical waveguide layer as optical 
waveguide of round shape almost, thermal processing does 
with predetermined temperature of the softening point or 
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[0016] 



higher of glass which next, this is accumulated, This ^ 
softening, it designates glass which is accumulated as 
buriedlayer, it has made feature. 

[0012] 

[Working Principle] 

With substrate type optical waveguide which is stated in 
Claim 1 of this invention,on substrate, with when it is a single 
mode due to fact that cross section which consists of glass of 
high index of refraction almost provides optical waveguide of 
round shape from substrate layer, scattering loss decreases, 
with when it is a multiple modes, furthermore also bonding 
loss between optical fiber is decreased. 

[0013] 

In addition, with substrate type optical waveguide which is 
stated in Claim 2,in aforementioned substrate layer and 
periphery of optical waveguide, reflection loss of said optical 
waveguide is decreased by providing buried layer which 
consists of glass of low index of refraction from said optical 
waveguide. 

[0014] 

In addition, with manufacturing method of substrate type 
optical waveguide which is stated in Claim 3, aforementioned 
optical waveguide layer softens substrate layer and optical 
waveguide layer of protrusion, by thermal processing doing 
with predetermined temperature of softening point or lower of 
theaforementioned substrate layer, cross section being round 
shape almost with surface tension ,and becomes smooth 
optical waveguide. 

[0015] 

In addition, with manufacturing method of substrate type 
optical waveguide which is stated in Claim 4, in 
aforementioned substrate layer and periphery of optical 
waveguide itaccumulates glass of low index of refraction and 
high softening point from said optical waveguide, this glass 
which is accumulated softening by thermal processing doing 
with the predetermined temperature of softening point or 
higher of glass which next, this is accumulated, itreaches 
buried layer. 

[0016] 

In addition, with manufacturing method of substrate type 
optical waveguide which is stated in Claim 5, in substrate 
layer of protrusion and periphery of optical waveguide layer, 
the glass of high softening point is accumulated from said 
optical waveguide layer, aforementioned optical waveguide 
layer softens by thermal processing doing with predetermined 
temperature of softening point or lower of the glass which 
next, this is accumulated, cross section being round shape 
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almost with surface tension , and becomes smooth optical 

waveguide. 

Next, this glass which is accumulated softening this by 
thermal processing doing with predetermined temperature of 
softening point or higher of glass which is accumulated,it 
reaches buried layer. 

[0017] 

[Working Example(s)] 

Figure 1 is fi*ont cross section which shows substrate type 
optical waveguide 1 1 of one Working Example of this 
invention. 

As for this substrate type optical waveguide 1 1, it can provide 
cladding layer 13 in upper surface 12aentirety of substrate 12, 
optical waveguide 14 of round shape can provide cross 
section almost on the said cladding layer 13, it can provide 
substrate layer 15 of protrusion of cross section inverted 
platform shape where the width is narrower than said optical 
waveguide 14 in aforementioned cladding layer 13 
andbetween optical waveguide 14 , buried layer 16 is 
provided in periphery of the substrate layer 15 and optical 
waveguide 14. 

As for substrate 12, being something which consists of 
material whichwithstands temperature of 1800 deg C or 
greater, it can use for ideal for example silicon substrate^ 
quartz substrate* sapphire substrate etc. 

[0018] 

Buried layer 16 is formed respectively fi-om said optical 
waveguide 14 by quartz glass of low index of refi-action and 
high softening point as for cladding layer 13 by quartz glass 
of low index of refraction, asfor substrate layer 15 by quartz 
glass of low index of refraction and high softening point, as 
for the optical waveguide 14 from said substrate layer 15 by 
quartz glass of high index of refraction and low softening 
point. 

As for aforementioned quartz glass, when phosphorus (P ), 
aluminum (Al ), the germanium (Ge ), titanium (Ti ) etc is 
added, index of refraction rises, when boron (B ), fluorine (F ) 
etc is added, index of refraction decreases, in addition, when 
total added quantity of these additive increases, softening 
point decreases, when the total added quantity decreases, 
there is a property that softening point rises. 

Therefore, index of refraction it depends on changing ratio of 
additive which rises and index of refraction additive which 
decreases can designate the index of refraction of said quartz 
glass as predetermined index of refraction. 

In addition, softening point of said quartz glass can be 
designated as predetermined softening point bychanging total 
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added quantity of these additive. 
[0019] 

Because with this substrate type optical waveguide 11, cross 
section of optical waveguide 14 is the round shape almost, 
with when it is a single mode scattering loss decreases, with 
whenit is a multiple modes, furthermore also bonding loss 
between optical fiber isdecreased. 

In addition, reflection loss of said optical waveguide 14 
decreases by providing buriedlayer 16. 

[0020] 

Next, you explain on basis of Figure 2 concerning 
manufacturing method of substrate type optical waveguide 1 1 . 

First, cladding layer 13 is formed on substrate 12, substrate 
layer 2K optical waveguide layer 22 sequential islaminated 
on said cladding layer 13 with FHMethod D and LPCVD 
(same Figure (a )). 

Next, it processes substrate layer 21 and optical waveguide 
layer 22 with reactive ion etching (RIE ), it makes protrusion 
of cross section inverted platform shape where width of 
substrate layer 21a (15) is narrowerthan width of optical 
waveguide layer 22a, (same Figure (b )). 

Next, thermal processing it does substrate layer 15 and optical 
waveguide layer 22a, with predetermined temperature of the 
softening point or lower of substrate layer 15, optical 
waveguide layer 22a softens and cross section makes optical 
waveguide 14 of round shape almost, with surface tension 
(same Figure (c )). 

Here, optical waveguide layer 22a softens and cross section 
almost becomes deformed in the round shape with surface 
tension , cross section is round shape almost and and it 
becomes smooth optical waveguide 14. 

[0021] 

Next, in aforementioned substrate layer 15 and periphery of 
optical waveguide 14, the glass 23 of low index of refraction 
and high softening point is accumulated from said optical 
waveguide 14. 

Next, this thermal processing it does with predetermined 
temperature of softening point or higher of glass 23 which is 
accumulated this softening, it designates glass 23 which 
isaccumulated as buried layer 16, (same Figure (d )). 

With above, substrate type optical waveguide 1 1 can be 
produced. 

With this method cross section being round shape almost by 
thermal processing doing,optical waveguide layer 22a and 
produces smooth optical waveguide 14 easily to be 
possible,ftirthermore because, it can produce substrate layer 
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15 and optical waveguide layer 22a with thequite high 
precision, also diameter of optical waveguide 14 becomes 
quite highly precise ones. 

[0022] 

As above explained, according to substrate type optical 
waveguide 1 1 of theabove-mentioned Working Example, 
because cross section almost provided optical waveguide 14 
of round shape on substrate 12, with when it is a single mode 
scattering loss is decreased to be possible, with in case of 
multiple modes, furthermore also bonding loss between 
optical fiber can be decreased. 

In addition, because buried layer 16 was provided in 
periphery of the substrate layer 15 and optical waveguide 14, 
reflection loss of optical waveguide 14 can be decreased. 

[0023] 

In addition, according to manufacturing method of substrate 
type optical waveguide 1 1 of theabove-mentioned Working 
Example, because substrate layer 15 and optical waveguide 
layer 22a of protrusion,thermal processing are done with 
predetermined temperature of softening point or lower of 
substrate layer 15, cross section being round shape almost, 
and smooth optical waveguide 14 can be produced easily. 

In addition, in periphery of substrate layer 15 and optical 
waveguide 14, to accumulate glass 23 of low index of 
refraction and high softening point fi-om said optical 
waveguide 14, because thermal processing it does with 
predetermined temperature of softening point or higher of 
glass 23 which next, this isaccumulated, buried layer 16 can 
be produced easily in periphery of substrate layer 15 and 
optical waveguide 14. 

[0024] 

Figure 3 is figure which shows other Working Example of 
manufacturing method ofabove-mentioned substrate type 
optical waveguide 1 1 . 

With this method, first, cladding layer 13 is formed on 
substrate 12, substrate layer 2K optical waveguide layer 22 
sequential is laminated on said cladding layer 13 with 
FHMethod D and LPCVD (same Figure (a )). 

Next, it processes substrate layer 2 1 and optical waveguide 
layer 22 with RIE , it makes protrusion of cross section 
inverted platform shape where width of substrate layer 21a 
(15) is narrowerthan width of optical waveguide layer 22a, 
(same Figure (b )). 

Next, in aforementioned substrate layer 15 and periphery of 
optical waveguide layer 22a, the glass 23 of low index of 
refi-action and high softening point is accumulated from said 
optical waveguide layer 22a (same Figure (c )). 
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[0025] 

Next, this thermal processing it does with predetermined 
temperature of softening point or lower of glass 23 which is 
accumulated softening, it designates aforementioned optical 
waveguide layer 22a as optical waveguide 14. 

Here, optical waveguide layer 22a softens and cross section 
almost becomes deformed in the round shape with surface 
tension , cross section almost becomes optical waveguide 14 
of round shape. 

Furthermore, this thermal processing it does with 
predetermined temperature of softening point or higher of the 
glass 23 which is accumulated this softening, it designates 
glass 23 which is accumulated as buried layer 16, (same 
Figure (d )). 

Furthermore, one example of this temperature profile is 
shown in Figure 4. 

[0026] 

With above, substrate type optical waveguide 1 1 can be 
produced. 

Regarding to this method, it is possible to possess action 
whichare similar to manufacturing method of 
above-mentioned Working Example & effectwhich. 

Furthermore, in temperature profile of one thermal processing 
of multiple is donewith temperature profile of one, constant 
time by installing program whichis kept temperature of 
softening point or lower of glass 23 and in temperature each 
of the softening point or higher, it is possible , it is a efficient. 

[0027] 

[Effects of the Invention] 

As above explained, according to substrate type optical 
waveguide which is statedin Claim 1 of this invention, on 
substrate, cross section almost provides the optical waveguide 
of round shape, substrate layer where width is narrower than 
the said optical waveguide in aforementioned substrate and 
between optical waveguide is provided,said substrate layer 
consists of glass of high softening point. Because 
aforementioned optical waveguide to consist of glass of high 
index of refraction and low softening point from said 
substrate layer, with single mode decreases scattering loss to 
be possible, with in case of multiple modes, furthermore also 
bonding loss between optical fiber can be decreased. 

[0028] 

In addition, according to substrate type optical waveguide 
which is stated in the Claim 2, in aforementioned substrate 
layer and periphery of optical waveguide,providing buried 
layer which consists of glass of low index of refraction and 
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[01] 

[gl2] 



high softening point from said optical waveguide, because to 
become, it can decrease the reflection loss of optical 
waveguide. 

[0029] 

In addition, according to manufacturing method of substrate 
type optical waveguide which isstated in Claim 3, because 
substrate layer and optical waveguide layer of protrusion, the 
thermal processing are done with predetermined temperature 
of softening point or lower of aforementioned substrate layer, 
cross section being round shape almost, and smooth optical 
waveguide can be producedeasily. 

[0030] 

In addition, according to manufacturing method of substrate 
type optical waveguide which isstated in Claim 4, in 
aforementioned substrate layer and periphery of the optical 
waveguide, to accumulate glass of low index of refraction and 
high softening point fi-om the said optical waveguide, because 
thermal processing it does with predetermined temperature of 
softening point or higher of the glass which next, this is 
accumulated, buried layer can be producedeasily in periphery ' 
of substrate layer and optical waveguide. 

[0031] 

In addition, according to manufacturing method of substrate 
type optical waveguide which isstated in Claim 5, in substrate 

layer of protrusion and periphery of the optical waveguide 
layer, to accumulate glass of low index of refraction and high 
softening point from the said optical waveguide layer, 
because thermal processing it does with predetermined 
temperature of softening point or lower of the glass which 
next, this is accumulated, cross section being round shape 
almost, and smooth optical waveguide can be produced easily. 

In addition, because this glass which is accumulated thermal 
processing isdone with predetermined temperature of 
softening point or higher, buried layer can be produced 
easilyin periphery of substrate layer and optical waveguide. 

Furthermore, it depends on temperature profile of one and 
does 2 thermal processing because it is possible , it is a 

efficient. 

[Brief Explanation of the Drawing(s)] 
[Figure 1] 

It is a front cross section which shows substrate type optical 
waveguide of one Working Example of the this invention. 

[Figure 2] 

It is a process figure which shows manufactiuing method of 
substrate type optical waveguide of this invention. 
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[Figure 3] 

It is a process figure which shows other manufacturing 
method of substrate type optical waveguide of this invention. 

[Figure 4] 

It is a figure which shows one example of temperature profile 
of other manufacturing method of this invention. 

[Figure 5] 

It is a front cross section which shows conventional substrate 
type optical waveguide. 

[Explanation of Symbols in Drawings] 

11 

substrate type optical waveguide 
12 

substrate 
12 a 

upper surface 
13 

cladding layer 
14 

optical waveguide 
15 

substrate layer 
16 

Buried layer 
21 

substrate layer 
22 

optical waveguide layer 
23 

glass of low time ratio and high softening point 
[Figure 1] • 
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[Figure 2] 



[Figure 3] 
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[Figure 5] 
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[Figure 4] 
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